A near-capacity Time Hopping (TH) Pulse Position Modulation (PPM) based Ultra Wide Band (UWB) Impulse Radio (IR) system is proposed, which invokes iteratively detected Self-Concatenated Convolutional Codes (SeCCC) employing Extrinsic Information Transfer (EXIT) charts. The TH-PPM-UWB-IR-SeCCC system configuration is capable of operating within about 0.9 dB of the informationtheoretic limits.
Motivation
Ultra-wideband technology has attrated much interest in the recent years due to its huge amount of unlicensed bandwidth, which provides very high data rates and fairly low power consumption [1] . Ultra wideband transmission can be divided into Multiband Orthogonal Frequency Division Multiplexing (MB-OFDM) and carrier less Impulse Radio (IR) systems [2] . In this IR technique, Direct Sequence (DS) or Time Hopping (TH) spreading is used. The conventional Time Hopping (TH) Pulse Position Modulation (PPM) UltraWideBand (UWB) Impulse Radio (IR) [3] detection schemes [4] Fig. 1 shows the baseband model of the iteratively detected TH-PPM-UWB-IR-SeCCC system. The input bit sequence {d 1 } of the self-concatenated encoder is interleaved for yielding the bit sequence {d 2 }, which is then parallelto-serial converted and fed to the Recursive Systematic Convolutional (RSC) encoder using the generator polynomials of (13, 15, 17) expressed in octal format and having a rate of R 1 = 1 3 as well as a memory of ϕ = 3. At the output of the encoder there is an interleaver and a rate-R 2 = 1 3 puncturer, which punctures two bits out of three encoded bits. Hence, the overall code rate, R can be derived as 1 2 . Puncturing is used in order to increase the achievable bandwidth efficiency η. It can be observed that different codes can be designed by changing R 1 and R 2 in order to achieve the best possible performance. The bits d seen in Fig. 1 are then forwarded to the bit-to-symbol conversion buffer and the resultant symbols are pulse position modulated (PPM). Finally, the TH-PPM-UWB-IR-SeCCC encoded transmitted signal is formed by invoking a Pesudo-Noise (PN) generator for creating the required TH patterns obeying the corresponding PPM signalling delays.
System model
The Channel model used here is IEEE 802.15.3a Indoor channel model. The parameters used were: Cluster Arrival Rate (Λ) = 0.0233 nsec −1 , Ray Arrival Rate (λ) = 2.5 nsec −1 , Cluster Decay Factor (Γ) = 7.1×10 −9 and Ray Decay Factor (γ) = 4.3×10 −9 . Furthermore, this channel is contaminated by Additive White Gaussian Noise (AWGN). After transmission over this contaminated channel, TH-UWB-PPM-IR detector outputs the signald, which is then used by a soft demapper for calculating the conditional probability of the received signal y. Then, these conditional probabilities are passed to a soft depuncturer, which converts them to bit-based Log-Likelihood Ratios (LLRs) denoted by Λ in Fig. 1 and inserts zero LLRs at the punctured bit positions. These LLRs are then deinterleaved and fed to the Soft-Input SoftOutput (SISO) Maximum A Posteriori Probability (MAP) self-concatenated decoder. Self-concatenated decoding proceeds, until the affordable number of iterations is reached.
EXIT chart based design methodology and results
The various coding schemes considered in this paper are characterised in Table I where R is the total code-rate, ϕ is the RSC constraint length, η is the effective throughput, T h is the decoding convergence threshold beyond which the EXIT tunnel becomes just open, T l is the decoding convergence threshold beyond which the decoding trajectory successfully passes through the open tunnel and ω is the capacity. The EXIT charts recorded for the TH-PPM-UWB-IR-SeCCC system of Table I are shown in Fig. 2 . The EXIT curves and the two distinct decoding trajectories were recorded for the best-performing TH-PPM-UWB-IR-SeCCC system operating closest to the Nakagami-m channel's capacity, which are given in Fig. 2 for our bitby-bit simulations. Similar decoding trajectory snapshots were found for all our simulations. These were recorded by using 10 3 transmission frames, each Table I . Decoding convergence thresholds and EXIT tunnels at channel capacity limit. consisting of 24×10 3 information bits for calculating the EXIT curve, and 10 3 frames each consisting of 120×10 3 information bits for calculating the decoding trajectories respectively. In Fig. 2 , the scheme using R 1 = 1/2, R 2 = 3/4, ϕ = 3 succeeds in creating an open EXIT tunnel at T l =
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No = 1.9 dB, when communicating over an IEEE 802.15.3a indoor channel. For this scheme the threshold T h is reached at 1.8 dB according to Table I , which is 0.8 dB away from the capacity of 1 dB.
The convergence threshold predicted by the EXIT chart analysis detailed in the previous section closely matches the actual convergence threshold observed in the BER curve given by the specific
No value, where there is a sudden drop of the BER after a certain number of decoding iterations, as shown in Fig. 3 . For the scheme employing ϕ = 3, R 1 = 1/2 and R 2 = 3/4 and characterized in Table I , the distance from the capacity is 0.8 dB and 1.8 dB in case of IEEE 802.15.3a indoor channel as indicated by the by the arrows in Fig. 3 . For a bandwidth efficiency of 0.67 bit/s/Hz, the capacity of this scheme ϕ = 3 is ω = −0.6 dB and 1.0 dB for the quarternary discreteinput AWGN and IEEE 802.15.3a indoor channel, respectively.
Conclusion
We have designed a near-capacity TH-PPM-UWB-IR-SeCCC system based on EXIT-chart-aided decoding convergence analysis. Optimal SeCCC parameters were found for assisting the TH-PPM-UWB-IR-SeCCC system in attaining decoding convergence at the lowest possible municating over uncorrelated IEEE 802.15.3a indoor channel. The TH-PPM-UWB-IR-SeCCC system designed is capable of operating within about 0.9 dB from the AWGN as well as IEEE 802.15.3a indoor channel's capacity.
